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Introduction
Lipid membrane oxidation is a process that in many cases results in deterioration of membrane properties (Nakazawa and Nagatsuka, 1980; Konings, 1984) . Earlier studies have shown that quaternary ammonium salts bind to membrane and change the properties of the membrane (Przestalski et al., 1991; Kubica and Kuczera, 1992; Gabrielska et al., 1993), e.g., the transport proper ties of the lecithin liposom e membrane (Kuczera et al., 1989) . Such salts, on the other hand, are to protect membranes against changes induced by the oxidation (Gabrielska et al., 1993) . The salts studied in the present work constitute a new class of compounds that combine surface activity with antioxidant activity and can thus play a double role. The present work is concerned with the anti oxidant properties of new bifunctional ammonium salts in their interaction with the lecithin liposome membrane, whose oxidation was induced by ultra violet radiation and the Fe2+-ascorbic acid com plex.
The aim of the work was to determine the con centration range that insures activity o f the com-pounds as free radical scavengers but does not destruct the liposomal membrane and to explaine the role of the alkyl chain in performing that function.
Materials and Methods

Preparation o f ammonium salts
The bifunctional ammonium chlorides, of gen eral formula shown in 
H em olytic experiments
Fresh heparinized pig erythrocytes were used in experiments. The cells were washed with an iso tonic phosphate solution of pH 7.4. Then the erythrocytes were modified for 0.5 h in the same solution at 37°C in the presence of various concen trations of the compounds studied and various concentrations of erythrocytes. The percent of hemolysis was measured spectrophotometricaly at 540 nm wavelength. The measure of hemolytic ac tivity of the compound studied was the maximum concentration that do not cause the erythrocyte hemolysis. So, a compound is more active hemo- Fig. 2 . A. Degree of lecithin liposome oxidation (as the increse of absorbane at 535 nm] versus time of irradia tion. Egg yolk phosphatidylochline (PC) concentrations were 4.8 mg/ml, 3.0 mg/ml and 1.5 mg/ml. UV intensity 2.5 mW/cm2.Data are the means of three experiments on different liposome preparation. B. Inhibition of oxi dation of egg yolk phosphatidylocholine liposomes by antioxidant with R3 alkyl chain (R3 = C 12H 25) at con centration 0.2 m M . Oxidation was induced by UV radia tion at intensity 2.5 mW/cm2, concentration of egg yolk lecithin was 3.0 mg/ml. Data are the means of three ex perim ents on different liposome preparation.
litically if its concentration is lower at which there is no hemolysis.
Results
The effect of ultraviolet-induced phospholipid peroxidation on the concentration of phosphat idylcholine is shown in Fig. 2A . This figure de scribes the influence of various concentrations of PC on the TBA-reactive accumulation products. Fig. 2B shows the influence of a selected antioxi dant with alkyl chain R3 = C i2H25 on absorbance at 535 nm, as compared with the curve without the antioxidant added. The effect of various antioxi dants on peroxidation induced by U V light is shown in Fig. 3A and B. Fig. 3A demonstrates the influence of various concentrations of all studied com pounds on the increase of absorbance at 535 nm, i.e. on the decrease of oxidation of the lipo Table II. The results of hemolytic studies are presented in Table III. This Table contains (Fig. 3A ) and on the alkyl chain length in the radical Ri (Table I) . Comparison of the results on inhibition of liposome peroxidation induced by U V light ob tained with all the antioxidants studied allows to conclude that the degree of the inhibition in creases with increasing alkyl chain length Ri. Thus, the concentration of the antioxidant used that causes 50% inhibition decreases with increasing alkyl chain length. This can be seen in Table I as well as easily follows from the results in Table II. Analysis of the plot in Fig. 3 and data in Table I and Table II The hemolytic experiments and the obtained maximum nonhemolytic concentrations of the compunds studied are the basis for determining the optimal range of concentrations where these compounds are effective antioxidants and do not destroy erythrocyte membrane and, of course, liposomal ones. Concentrations of the compounds used in the studies of inhibition of oxidation of the liposome membrane are significantly lower ( for instance from 2 -fold to 1 1 -fold for 2 % hematocrit) than the maximum nonhemolytic concentration. This allows to assume that they are quite safe and do not disrupt the liposome membrane.
